1. Pollinator declines caused by forage habitat loss threaten insect pollination services. Pollinating insects 24 depend on adequate floral resources, and their ability to track these resources. Variability of these resources 25 and the effect on insect foraging choice is poorly understood. 26 2. We record patterns of visitation to six wildflower species and test the hypotheses that: pollinators 27 preferentially visit the most rewarding flowers; nectar diurnal variations affect foraging preferences; 28 pollinators respond most strongly to nectar rewards. 29 3. Nectar volume and sugar concentration were negatively correlated within plant species over time of day 30 where greater concentration and lower volume was evident in the afternoon, but this did not correspond to 31 pollinator visitation. Both floral abundance and nectar quality (total sugar per inflorescence) positively affect 32 insect visitation. For some foragers the positive effects of high quality rewards were only evident when floral 33 abundance was high (>50 inflorescences per patch), perhaps reflecting the low probability of pollinators 34 detecting scarce rewards. Pollen quality (total protein per inflorescence) was negatively related to visitation 35 of Apis mellifera and Bombus pascuorum.
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Introduction road verges and semi-improved grassland. In terms of management, road verge sites were mowed once a year and were collected from test plant species and visitation sampling was conducted.
138
Nectar Volume and Sugar Concentration 139 140 Nectar sampling was undertaken on 30 inflorescences of each test plant species, collected from at least 141 three different survey sites. Nectar was sampled from inflorescences of plant species that had recently come in to 142 bloom and were easily accessible. For each inflorescence nectar production was estimated from morning, 143 afternoon and evening periods for each plant species tested. For each species then flowers were emptied of nectar 144 and bagged by 09:00 (GMT) using a fine-mesh cotton fabric and masking tape. At 15:00, 21:00 and 09:00 the 145 following morning flowers were emptied of nectar using 5 µl micropipettes (BLAUBRAND® intraMARK,
146
Wertheim, Germany). The nectar from each inflorescence was then expelled onto a field refractometer 147 (Bellingham and Stanley Ltd, Basingstoke, Hants, UK) to measure the proportion of sugar in each sample (Bolten 148 et al., 1979) . This produced both mean nectar volume and mean sugar concentration for each species in each time 149 period, and over a 24 hour period when totalled. Pollen was collected from 10 inflorescences from at least three different sites for each plant species. Standing 154 crop of pollen was taken just once for each replicate so variation in pollen quantity or quality was not measured 155 over time of day. Flowers were collected in the field before anthers had dehisced, and placed in water in an 156 unheated and well ventilated laboratory until anthers opened. Pollen was collected systematically until anthers inflorescence. Protein extraction and detection was undertaken using the Bradford assay (Bradford, 1976) . The standards. From each of the 10 inflorescence pollen from each species, 1 mg pollen were dusted with aluminium 164 powder, wetted with 20 µl 0.1 mol/L NaOH and ground with a micro-pestle. Ground pollen was reanimated 165 with 480 µl 0.1 mol/L NaOH and placed in a refrigerator for 24 hours before analysis, but used within 1 week.
166
Prior to absorbance measurement samples were placed in boiling water for 5 minutes and centrifuged for 5 167 minutes. Then 10 µl of supernatant was slowly vortexed with 300 µl of dye reagent. This was repeated in 168 triplicate for each sample and left to incubate at room temperature for 15 minutes. samples and standards were created, they were measured for absorbance within an hour of mixing at 595 nm using Table S2 ). Surveys were undertaken in the morning (08:00-10:00), afternoon (13:00-15:00) and 179 evening (19:00-21:00). Each survey consisted of a 10 minute standing observation of a 4 m 2 area of each test 180 plant species at each site. The number and species of all visiting insects to that plant species were recorded. All 181 observed flower visiting insects appeared to collect nectar and, in most cases, pollen from plant species, therefore 182 we did not attempt to distinguish which resources insects were collecting. The number of inflorescences of the 183 plant species, ambient temperature, and wind speed were recorded for each survey. Surveys were only conducted 184 when air temperature was > 14°C and average wind speeds was < 20 mph.
visiting bumblebees into groups based on colour type (Haughton et al., 2003) , in this study the bumblebee species the wing were collected and identified to species or genus. Although unlikely given the short period of each survey, 192 the possibility of double counting insects was the same for all surveys due to equal sampling time and therefore 193 assumed to be unbiased across the study. 
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as well as the number of insect visits, between periods of the day. Based on whether resource and insect visit 199 metrics showed homogeneity of variance between species or periods of the day using Levene's test, either 200 ANOVA (parametric) or Kruskal-Wallis (non-parametric) tests were applied to assess variance for all groups 201 before either Tukey HSD tests or pairwise Wilcox tests were applied to assess differences between groups, 202 respectively.
203
Generalized Linear Mixed Models (GLMMs) were used to test the effects of resource metrics on insect 204 visitation (i.e. counts per 10 minute survey). Prior to applying models, proposed explanatory variables were 205 checked for multicollinearity using Variance Inflation Factors (VIFs), if variables had VIFs greater than 3 or 206 correlation coefficients more than 0.6 with other variables, they were excluded from models (Zuur et al., 2010) .
207
These analyses indicated nectar volume and pollen weight were correlated with sugar and protein concentration, 208 respectively. To enable modelling of resource quality and quantity without violating model assumptions, nectar 209 volume and pollen weight were multiplied by sugar and protein concentration to create total sugar and protein in 210 milligrams per inflorescence as measurements of quality in the plant species. To account for the change in density 211 of the solution based on the amount of sugar recorded, percentage sugar was multiplied by the mass density (g/cm3) 212 of sugar at that concentration. These measurements also allowed the interpretation of the nutritional gain available 213 to foraging insect pollinators, and is referred to as total sugar and total protein from here on.
sugar and protein. We did not analyse data on other groups of flower visiting insects alone as they were recorded 220 in such small numbers that data analysis would have been unreliable. However, they were included in the data 221 analysis as part of 'all insects' in statistical models. We included interactions between floral abundance and total 222 sugar and protein explanatory variables. Sample site was fitted as a random factor because observations were 223 nested within sample sites and contained different combinations of test plant species. Visitation rates were count 224 data, therefore models were applied with Poisson errors (O'Hara & Kotze, 2010) . Model residuals were assessed 225 for normality and heteroscedasticity. Model simplification was carried out using likelihood ratio tests, and 226 sequentially deleting terms that did not significantly decrease model deviance, beginning with higher order 227 interactions.
228
To further investigate how particular plant species affect insect visitation, linear mixed effects (LME) 229 models were used to test the effects of floral abundance and species on the same response variables as the GLMMs, 230 with site as a random factor. Models were tested for significance using likelihood ratio tests, with and without 231 species as an explanatory variable.
232
Already published protein estimates for each plant species were compared to confirm the extraction 233 results and accuracy of our values. We found that only Lamium album (4.48%) differed from the literature for 234 Lamium sp. (22.8% in Roulston et al., 2000) , so to assess whether this estimate affected our findings, we 235 substituted it in the two models that included total protein (for A. mellifera and B. pascuorum visitation).
236
Statistical analysis was conducted using R v3.1.2 (R Core Team, 2014) within RStudio (RStudio, 2012) 237 using packages 'lme4' (Bates et al., 2015) and 'usdm' (Naimi, 2013) , and plots were generated using 'ggplot2' concentration (H = 112.61, d.f. = 5, P < 0.001) and pollen protein concentration (ANOVA F5, 54 = 20.6, P < 0.001) 247 varied significantly between plant species, with only pollen weight (F5, 54 = 1.25, P = 0.3) showing no significant 248 differences.
249
Over 24 hours, Rubus fruticosus produced the greatest volume of nectar, which contained the lowest 250 sugar concentration (Table 1 ). In contrast, Ranunculus repens produced the least nectar, whilst Crataegus 251 monogyna offered the highest sugar concentration. Lamium album pollen offered the greatest mass per 252 inflorescence but had the lowest protein concentration of all species. C. monogyna produced the least pollen mass 253 whilst G. hederacea offered the highest protein concentration. We found no correlation between nectar and pollen 254 quantity (Pearson R = -0.46, P = 0.26) or quality (Pearson R = -0.33, P = 0.52).
255
Nectar volume and pollen weight were multiplied by sugar and protein concentration, respectively, to 256 create total sugar and protein in milligrams per inflorescence (Table 1) . Over 24 hours, Symphytum officinale 257 produced the greatest total sugar per inflorescence whilst R. repens produced the least. C. monogyna contained 258 the most total protein per inflorescence and S. officinale the least (Table 1) 
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were not significantly correlated (Pearson R = -0.49, P = 0.32, Fig. 1A) . When mean for each species at each time 264 period was taken, there was a significant negative correlation between nectar volume and sugar concentration 265 (Pearson R = -0.52, P = 0.02, Fig. 1B ).
266
Volumes of nectar produced differed markedly between species, and between morning, afternoon and 267 evening periods. R. fruticosus produced the greatest volume of nectar of all species in the evening and morning, 268 yet recorded the lowest sugar concentration of all species in these periods ( Table 1 ). The lowest volume of nectar afternoon. When averaged across species, mean nectar volume did not differ significantly between periods of the appeared highest in the morning or evening for most species (Fig. 3) . As standing crop of pollen was taken just 300 once for each replicate, we could not quantify variation in pollen quantity or quality over the day.
301
Overall, flower abundance had a positive effect on the total number of bumblebee (bees within the genera 302 Bombus) and all insect visitation (Table 2) . Total sugar predicted insect visitation, with this relationship being 303 positive for all response categories apart from B. pascuorum which was negative (Table 2 ). There were also a 304 number of significant higher order interactions between floral abundance and total sugar and protein. For Apis 305 mellifera, all bumblebees and all insects, the relationship between insect visitation and total sugar was weak or 306 absent at low floral abundance (10 -50 inflorescences per 4 m 2 ) but positive at high floral abundance (51 -1000 307 inflorescences per 4 m 2 ) ( Fig. 5) . Total protein had a significant negative effect on A. mellifera visitation (Table   308 2). In addition, a negative interaction between total protein and floral abundance was found for B. pascuorum 309 (Table 2) , with the relationship weak or absent at low floral abundance (10 -50 inflorescences per 4 m 2 ) but 310 negative at high floral abundance (51 -1000 inflorescences per 4 m 2 ). However, the three plant species most 311 visited by insects (R. fruticosus, S. officinale and L. album) were also recorded as producing the lowest total pollen 312 protein. When the protein value for L. album was replaced with the higher value reported in Roulston et al. (2000) 313 there was no longer a negative significant effect of total protein on B. pascuorum visitation, and we found a 314 positive significant effect of total sugar (Table S5 ). whilst the single measure of pollen for each replicate meant this resource could not be tested for diurnal differences.
323
Nectar volume and sugar concentration were negatively correlated in test plant species, with sugar concentration availability or flowers reabsorbing nectar in the afternoon (Silva et al., 2004) when humidity decreases and afternoon when lower total sugar was recorded). This may be an indication that some pollinators are not capable 331 of accurately responding to changes in nectar production throughout the day, or it may be that their activity is 332 constrained by other factors such as temperature. It is important to note that our methods meant that afternoon and 333 evening nectar sampling occurred at 6-hour intervals, compared with morning sampling which was undertaken 334 12 hours after the flowers had been emptied and bagged the previous evening. We considered this as providing a 335 fair estimate of how much nectar is likely available to foraging insects by the morning, however, the effect of 336 early morning foraging between 05:00 and 09:00 GMT was not represented by our data and this should be taken 337 into account in interpretations.
338
Due to the high energy cost of foraging, successfully selecting the most rewarding flowers is predicted 339 to have a large impact on survival and reproductive success, especially when floral resources are fragmented. The 340 most documented resource offered to insects by plants as an attractant for pollination is nectar. Foraging insects are capable of learning nectar rewards gained from visited flowers (Pyke, 1978) , preferring to forage on flowers 342 with significantly more nectar (Heinrich, 1979a; Wolff, 2006) and with greater sugar concentration (Hendriksma   343   et al., 2014) . After testing for relationships between nectar and pollen resources and pollinator visitations our 344 results support this, as typically, we found that greater nectar resources had a positive effect on insect and bee 345 visitation. Single species specialism in insect-plant mutualisms is rare (Waser et al., 1996) , and the majority of (Heinrich, 1979b) . This behaviour allows foragers to track resources in multiple flower species 349 in a habitat. In our study, the positive effects of high floral rewards i.e. sugar were often only apparent when the 350 floral abundance of test plant species was high (> 50 inflorescences), with scarce flowers tending to be visited 351 less frequently even when comparatively highly rewarding. Our results appear to support Heinrich (1979b) ; if a 352 flower species is both abundant and rewarding then insects are very likely to have discovered its value and 353 preferentially visit it. In addition, where there are more flowers in a patch, there is a greater total quantity of nectar. rewards appear more important than pollen quality, whereas Somme et al., (2014) found when pollen loads are parks or gardens) where species are presented in large clumps rather than in heterogeneous mixtures. More broadly, problems. Methods in Ecology and Evolution, 1, 3-14.
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and significance levels for each analysis of variance between periods of the day for each species. Significant 626 differences between time periods were identified using post-hoc tests; time periods that do not share a letter 627 show significant variation (p < 0.05), ns = no significance.
Fig. 4
Mean insect visits to test plant species in Morning (08:00-10:00 GMT), Afternoon (13:00-15:00) and
630
Evening (19:00-21:00) time periods, with the test statistic and significance levels of ANOVAs between 631 periods of the day for each species. Significant differences between time periods were identified using post-hoc 632 tests; time periods that do not share a letter showed significant variation (p < 0.05). 
